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(54) DC-DC CONVERTER CIRCUIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform zero current 
switching certainly by controlling the off timing of a 
semiconductor switching element. 
SOLUTION: The inductance Lr of a reactor L1 for 
resonance of a converter circuit part 1 and the 
capacitance Cr of a capacitor C1 for resonance are 
already known, and when each value Lr and Cr is settled, 
the cycle Tn of a resonance current and the property 
impedance Zn are settled, so each value Tn and Zn is 
stored in advance in the memory of a control circuit 3. 
The control circuit 3 computes a time To, according to 
the following equation, using each value Tn and Zn in the 
memory and the input voltage Vi and the output current 
Io being detected, and switches a transistor q1 from ON 
to OFF at the point of time when the time To has 
passed from the ON time of the transistor Q1. 
To=Tn/2+Tn.Io.Zn/(2.Vi). 
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^t&tzwi?L. ±tmw)ft\m^mts ±.u^v^<f^mz^mm^7k^x^t^t^[z^m 
[if #112] if^iiiiBi6<DDc-Dc=i>/<-^iH]s&icfciNT, mmm^itxtimf±^ni±Lxihj3 

7<7h/uco^>^s>x.±iB^M=3>f r >+f<D*^/^^ 

To=Tn-(1 +Zn-Io/Vi)/2Zn = /"(Lr/Cr)CZr\To:^^miE^t4xri^^B#F B lTn:^JIffl'; 

[Iff#il4l tf^lIUBi&CDDC-DCzi^/*— ^HS&l-fcl^T. _tlB&{±m£l±, ±fBffi§Ut-§-<!:L 
r±IB#JIfflUT<7h;Kz3i£ti^^tim;^^ai-r'St<DT?. ±tB»bfM3MS:l*. 1&ai£*Wc± 
IB;ftJim?i£^T±fBX^^>^f£lCiftSI^ 

VWx.Z>:b<DXfo&^t$:ftmt-?Z>DC-DCzi>/t— £|e]K& 0 

[If #116] If #il5fB*<<DDC-DC=i>/\*-*lsJi&l::fclvC. ±f3m^fiili. ^#)IS:3££*ifc-3£ 
(Dft-Cfe^Z < t^^<i:-r^DC-DC=i>/'v-^lE]S& 0 

[If #H7] If #H5lB«6(DDC-DC3>/<-^|p]KlCfcLN-C. -tfHRff ^fiSl*. ±tZ*-(v^<7^ 

m<r)*ism&fr*m^m$'ik\zte[f&±u&mm^ 

[Iff#Jl8] If 3fclf 5tBm<DDC-DC3>A-£0S&fZfcU-C, ±f3fifr5£{tl£. ±lB^if mt<7>t: — 
[If #H9] If#If 4lBf£<DDC-DC3>/\*-£0i&lc;fclNT. ±fB&fcB3MS:li, ±l3ttHUf -S§-<hL 

t> £bic&7Dffi3fEfc<m^tiB^M=3>^>H*i::^ ±mmu 

v^y^®&*^frttz>\ztj)vmtt^<j)x&&^t&$^ 

[if #ino] if#Ji4tBte<7)Dc-Dcz3>/<-^[H]i^[cfc^r. ±umm^it. ±tzm%m-%t 

£±gB*iimW^tfBai7Jffi^i^ 
LTilBtt^S^TIc&ofcl^^^ 

t;j y ^ & tf> -5 d £ 6 DC - DC=] >/ \*— £ [U S§ 0 

[If#iI11] If#iI1IBm(DDC-DC3>/<— ^Isll^lzfclNr, ^f£[E]i&(iA2i®J±£JI/±L-tiis 

^-r^>si±^=3>/\'-^[Hi^fcy. ±iB^as^is(*. ±tznm.m-%tLx&j3ni±t$&zfA*)n 
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^^«t-r^DC-DC=]>/<— ^lElS&o 

[Ii3fclH2] IS#lf 1 1IBK<DDC-DC3>/\*-£[e]S£lzfclNT. ±IBi&S!jfiHjftJ3MS:[±. ±ffi&il 
t C^^^^f^) DC - DC=) >/ S& 0 

To=Tn-(1 +Zn■Iin/Vo)/22n = V~(Lr/Cr)C^^\To:*iim3StA^HTL^^B#F B 1Tn:*tiffl 



[0001] 
[0002] 

[0003]MMte^a^X^^>^:£ie<DD^ 

yi&iIS;j!ti<o<7),h#ic#«{*;w>;/^>^^^ 

^mit^vT^vm^cDj-^mm&T-i ootu ^m^j^o^p^ti i o<t-f &<t. mmfa*-< 
v?><fmT(Di->mmiz. n oo>ti 1 otD-^fiiicts^H-ci^o fit, t±s^j«j±ii. 

5 1 >^IWl^^.^«f^^>^i^m200^^^b^i±^c:<^:lZcfey*JallLrL^'§)„ 
[0004] 

[3£0j7W$>*Ufc9<^£l£M]-<D t fc5&^ 

m-^tli^re^^^b^C^x!:, ^II«;jS K J=0lc^^^5>^\ T&fr^feSafti^OCDB^ 
T1 lOri^bLTL^do 

[0005]ZZT;\ ±IB^^^(D<fcai^^*Xl'^>^^CD^->B#r B lT1 00^-^filCDli^lC 

i*. ^mm^^oiztji^^xf^m^t. ^m^^^^m^z^^m^-iioxt^ 
[o°oo6]^^i«[i s ±iBPpigi^^^^(7)T\ ^nw^v^^m^-M^^^^vm-t 

[0007] 

><f^mzmm{zm^Htz^mm i JT<pb)^^uz<D^mm i )T^j^t^mr^mm^7 : 
5C<DDc-Dc=i>/\*-£[E]s§[;:fciN-c. ^mmnomnm ^^tar^m^mt, ±mm^& 

m^iz&^±tE^^>^^<D7ty^^y</^um-r^(Dx&^o 
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[ooo9]^c, Atin!±&mi±LxtttiT&ni±m^'<-$\E\&x&v. ±nmm^mt. ±iam 
^mi±fc£tfi:ffiai2im;jfii::»^±iB;^^^ 

[001 o^ommiz&tuz. m&2htzA*imi±&&tf&t>n)Fdzm^£^yT><f^mz&w. 

[001 1 ±fEi^Sb$IJ^ISJi. ±iaftHffl'JT^h;KD^>^^>X. ±IB^Sfflzi>T J > 

^0>^/^>2>Xfc£tf±fBi*^fflU:^b;UI^^^ 

To=Tn-<1 +ZnMo/Vi)/2Zn = V"(Lr/Cr)ZC^\To:^|ll^H-5B#rBlTn:^tifflU7^H;UlC;j1t 

[001 2]t(7)iifig(zj:tiii\ ^tote^£ftTi^±iB^fflU7^h;u<D^>^*>x, ±8b^ji 

[ooi 3mtz. ±tmih^mt. ±nm%m^tLx±u&Mm i JT0\-Mzff l fr%&mnffi&8i 
tti-?z>$,<Dx% ±t2mw}Mffl^mt. &ih£fttz±tz&Mm}fc&m^x±tz*'<vT>?^mz$i 
mmffitf mmxisbtz&f&izte&t. i&^v&v^WLtt-^frtt-p 
\zim^tt*jv>x-&>%>tx,x$j^ 0 

[001 4]z(D*gjsi^j:Hi*\ &mm i )T<7^Mz>fcti&&mm}forf&iiits*i. ^ih^tz^mm^ 
^v^vmw*isfrttz>\zwmttft%> 0 

[ooi sictLic^or. mmw m<Dmt^m^\tt^\z^)^mm^m^t^)TOh)^^ 

mm{z^nm)M^^><fm^^,^^><fm^<Dm^m±^^ 0 
m^iz±u^^>^^m^>^^yizmm^ : ba)x^tLx : t i <ki^o 

[0017]C<7)*Ij$|C«fcHl*\^tim^M£TLrm^faiUTlC^ofcB#^^^F^^B#rp1^lCX^^ 
T>?^&rf*^fr**Z>\ztJ]im7Lh>ti%o CZT% #J*l±*#iM3ita>t: — ^fi!^i§*U X-f y^- 

m^u#p H i^i=i4. ^v^v^mz&mnffirffafrxi^i^mtuz,, c<d^i:, ssmi^ 

[001 8]ccDi§£-|::fcivc, -hlBFJf^fitli. Wi£££ftfc-£(7>MT:fc&<h-f ffi%ttffif$.X 

[ooi9]-^, ±&mmfcrf* ±u^v^><?^®<D*>ft&fr^mi£ftmmzte\i&±u&m. 
m7fii<Dn%Lmx&z>tLtzV . ±tz&mnffi<D\i-timzfc£xmm£h&b<Dxfo&t-tz>t. mm 
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[oo2o]*y-, ±imm^mt. ±tm$?i.m^tLx. ^izmtsm^.tsM±t^mm^r>-^ 
[0021 ]c(DmmizM$. ^i^mtim^ckif^mm^^^iz^H^mim^^iii^ 

^j^^si*. ±ibx^/^>^is<d*>i$^^ 

ofcB^a^itB^iEBSFBlgM::*^? 1 ^^ Mf^9| 

^&<h'(7)^blc£y^}im;W^^ 

[0024]^c, Aj3mi± : £¥tf±LXlht>-?Z>9i-E.m^l"S— ±lB^Hi¥ISIi. ±IBW 

;fcmi±fc<m*±IBA^*;jft[^o*£±lBX^y^>^^ 
±fB;W^>^f£<7);f>B#£A^M^3ttiH£^^ 

[0025]C(D*lj£(::cfc;ftli\ 

coo26]^c, ±iBiEstifij^^isfi. ±tmmm , j7Chj^<D^^^>x. ±fi&nmz3i/?> 

y-<D*v/Si/$>xte&zf±tz#mm f )7<7\~Mzfafr%&mmffi<DfflM 

&zffiK.Tttt\z^£±tmm&uih?&&<Dx&z>tLx&^o 

To=Tn-(1 +Zn-Iin/Vo)/2Zn = V"(Lr/Cr)CCT:\To:^^a;^;m^rL>'S>B#r^Tn:^ffl 

t)7<7\-MZ7fctiz>&mn}M<DmMzn ■. ^mw<Dn^>\d— #>xiin : A^m^vo:ai^«j±L 

[oo27]z<»tifij6[c«fc^ii\ ^tote^£ftTi^±fa^MUT^h;u<7M>^£>x. ±tmm 
m^>^>v(D**s<iis$^*ti&zt±tz&mmv7<7\-Mzff l h&&Mm^ 

[0028] 

imM(ommmm]^^mmm)miit^m\zm^>Dc-Dczi^/^-^\B\^(Dm'imm^m 
[oo29]n>/\*-*[H]s&sin it. a^4m^4, 5r B 1l3Ep^J^^'§)^t;j5^A^WJ±vic^:y^gL^^S;j^lai^m 
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[0030]-f &;b*>, CC03>/"C— 1±, A^ffimvi^a^ev^-r^K^vX^Cx-r^^ 

[0032]|&t!][I]S£2l*. $lj^@|^3^^(7)§ljail{f ^l^^oTh^>^X^Q1 ^>^^-g>t(7)-e 
[0033]$l|«S&3(i. CPU. ^WA/D^teSsteffrihteV. IEK)lHlSS2[C/ ^uxil-^-^b^^ 

[0035]«h^>vX^Q1 Z*ls\ZLtz'lk. i<0. -T^* ) ^Jim^i^$ELr'$'V^--KD1 IzSfc 

[0037];^IC, Ml. M2£JElvC, flJ^IH^SICcky K7>vX*Q1 £*>fr£;f ?ICtJ]LJff ^^.-f 
SXflZ-Ol^xmWTf&o M2(a)(b)(c)[*^Jiffl'JT<7h;UL1 lc^^^^m;)fLi(D©;M^III-^fc 

A<s C(7)m^ili. TfB5£(1)1fS;b£ft&o 
i = Io + Ip-sincot ••• (1 ) 

zzt% oofi^ilfflMT^HULi fc^tmtiffl^T^-tJ-ci *^^^m(Hll^C7)^Ji^jg;J$^ N Ip 

1/'co = 7"(Lr-Cr) ...(2) 

<IU *Jlffl'JT^h;UL1 0M>#^>X£Lr, &^ffl3>^>^C1 <D^/^$>*£Cr<!rf £ 0 
[0039]M2(a)|Zfc^T,Tol*i^O<7)B#r B 1 % T1lii = 07b^^ 
CDJWI^-efc-So |Hl[gl t fcy.Ip-sin(coT1)=Io ■■•(3) 

Xfo&(DX\T1 =sin~ 1 (Io/Ip)/(o ...(4) 
Aqfbtl&o Ip=Vi/Zn ••• (5) 

T5fe-i)o Znli^tt-f >t°— TlBiC(6)-ea^^'5o 

Zn = V~(Lr/Cr) ...(6) 

«£oT. ±fBiC(4) Ii, T1 =sin _1 (Io-Zn/Vi)/'a5... (7) 

<ta>h-ti-'§)o 

[0040]£fr. M2(a)^^^7b^ &?IZ^ To=Tn/2. + 2.-T1 ••• (8) 

[0041 1ZZX\ lo=0(Dt£l£. M2(b)|Z7F-TJ;^|Z s T1 =0T% To=Tn/2<i:^'5)o Io=Ip(7) 

M2(c)|Z^f To = Tnl^-So 

[0042]fcT. ±ztt (8) &V > lo = 0(Dt$ltT 1=0X^0=^0)^1^1 =Tn/4C:$:£ 0 "T^ 
tts \otfOfrl>\a\zmt-?Z>£^ T1 li07t)M=)Tn / /4|C^^b-r'i)o C(DT1 (D^fc^E^-fb. fcfc> 
*>Io<7) 1 ^^^-eifi^-T^xh:. ±fBiC (7) cfcy , T1 =(Ic>.Zn/Vi).Tn/4"- (9) 
m^ft&o^<D3£(9)£±.ttt(8)\zVtATt&t.To=Tn/2 +TnIoZn/(2Vi) ...(10) 

[0043]3>/<v— £Ie]S§$|51 IZfcLNT. #ffifflU7*Hl/L1 <7M>y^$>XLrfe<J;T>*ftiIffl=i>T I > 
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Ltfc<„ 

[0044]^LT. *J^)tHlS&3li s ^UlCj&$rt£;hW&£-firrn. Znt. &fctiUcA2l®I±Vifc<fctf 
tti*lS;7itIo<fc£ffll^T. ±fB5£(10)lcfi£oT. B#IHTo£J*fcbU h^>vX$Q1 0);*->B$;&frbB# 

[0045]^fc.±ffil^WTo(D3tffi[*.m^^ra(WAtf»msec)c:^|ZfTa«fcOl=r^(i<fct^ 
[0046]C^J:3I3, »1*16»lir=J:*Ltf, A*WEVifc<fctf aj**3SEIo£l£mu ±SE^(10) 

^^A^^lctjy^^^^aicLrt^cT)^, ttfBS*0>fcflsfc£l::J:y* AJjffiJEVifc^tfai*! 
ttSiEIo^^b-r'SCtJc^oT. i=0fC#6$^£>W^bLfc:i§^-C**,. 5SHlC-tf nWaEX-fy* 

{oo47i(mzmmmm)m3it^mMizm^Dc-Dc^>j<—^\E^<omzmmrm^mt^y 

[oo48]iL3jzfcL\T*#Sffly7£HULiice^Ji::ft^ 
aifi££Jt«iiii&i i (^inaj-TSo 

[0049]J±$$[h]S&i 1 li, W^fcblHlSSioiCcfcy^m^tiS^tt^. «3SEBBffl±fi£lHiai2-e 
^$H*H(iI1(I1>0)t*J±«LT,*S*3fEiA<(STLri^I1lz«:*^^<7)g'<D«ttl«#$ 

[oo5o]$)j^iiH]i^3oii. m^mi±vo<tig^fi^figiHis&i4r^js^-5is^0^it^Lr. tu* 

(D"efc-5o"*fc. *Jffllls]SS30li. *P-;/^#JOT£iI5£ia]l&1 3lcjftaj-f 6„ 

[0051 MSISS&I 3(*. *tJ«Hs]ffi30^e>3il6*Lr<-5^P^^I^«8{g#l^^#, JtfslUS&l 1 (Cck 

if-§-Soff$iHai^->oStCD-efei>o 

[0052]C(Dm^B*raT2(±, ^^m^iA^MSfilll mTl^ofcB#^^e>?fiillZi<0|zM*T?<D 

[0053]Jg»!II?&2l*. *J^ll]£&30^b^->{f ^-Son^A^l^S^h^^X^QI £:t>C:U il 
£13 %1 3^C>^-7{g ^Soffrt<A;b£;ft6£h^>vX*Q1 tt>frtt7lZtj}i)Wz.Z> 0 
[0054]Z(Dfltfifc|zJ;y % M4(z*-T J:3f=s &lg*3Si>W£TLTi^I1 [=fcofcB#j&jb^filT£B$|HlT 
2^tSjfl-r-5t. H5>^X*Q1 A^lC^tlSo 

[0055]CCDcfc3l3, m2^ag^fi|lZ«fc*Lfi, #SJS'J7?h;H-1 l=3(E*L§*g*0SEi^i^I1 iCfco 
f::B#/&fr£5£§tlZi<0Izfc££T-(^ 

^-&^iclti^<7)T:\ iM^&^^b^lS^&fbic.fcy. *iiffly7^h;n-i v&mm^T^ 

-tf-C1 fl)#fiSLr. Cr^-lb-rSCl^lCfcor. ^ffi«^i = OIZ^S^-l'5><7*7b^<bL/--ii^-e ; t». fif 

ffiffi;7iEi£l&y&fr<t<h4,l::.1l«0^ 

si^ai-r^cDTfeSo 

[0058]«#|H]g&23l*. JSM(Hl»21 ^P>jHP)*l,T<*^lg«3SEi^KfitI2tLT«i#LTlt«lHl»2 
4lz2ll±i-r'5 : fe.<Z>"C?fc4o tb$£[s]S&24(ot. «3(E«ailHlKlOlz«i;y«ai*4x**lB«3SEi*l»ya^, 

#mm^i<!:«*#0i&23AN£ii^;ft6iia^ 
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^aift#<X)illliJB#*A^b(D^MB#rBl^ r t7>hL. HfrSB#ffflT1 2(>T1 1 )^SgjiLfcB#^T^ 
fl-^-Soff^IEiljIll^lziliaj-r^tfDTffe^o *f=» S®lslS&22fi. ^It-^-SoffCDtjH^&l^ & 

}#iHis&23-e«^#tri^*EBfiSi2$u-byh-rSo 

fcB#£T*<D#^m;7!Ei#IISfil2£^^ 

OT1 1)36<ftafl-r<6t» h^>vX^Q1 A^>^b^lC^y^^.^^ 0 

[0061 ]S2(*> l3HI£ff^l0. <fcy^{*MJSrlHli»«fiR«ll$*-ri5l8&^p^^ia. M8J*JlZa># 

[oo62]M2icfc^r> x^^i , 321*. #j*i*>7>vx£fr£>£:y x x^^3i iia^>t^S 

T% X'T-75 1 32f*ii#*?ttfiglZfc:oTl^o 

[0063]«EJljKaasfil(V/F)I5iK33f* % til*mEVo<l:|S^fi«!:(D®l±MvUz*o*#x^5 1 
>^;j£|fc£t£^3t<7)T*fc<g>o frlftP 0^3001*, Z<D;W-;/^>^Ja&#-efc*a*'f5>^-e* 
^><I-^Son^|gl!lI5IS&2JZjiltil^--St,<DT-fci>(M8<Z)B)o ftJMS§300l*. *>fl-§-Son 

[0064]^-MS-§-Son[Z^tJH^>vX^Q1 tf*>lztj:&t. *S«3SEiA<JtKlHlK35lCfl»yji*tL 
fiftI2££it«U i ^I2(DfMk tX/WU^W 2f"T<5 (j8(Pl). 

[0065]m2g®[H]g&36[i. tk^Hll^35AN^(7>aj^fi^fiff^B#faT1 2*£(fiiMLTai 73"f 3 
(M8<PB) 0 £:fc\T12>T1 Hcgg^SftTl^o 

[0066]C(7)m2®M@!^36^^(Dai±l1f^l*.^3SS[n]^37|Zd;U^^|zm^B#^T13f£lt 

jlM^^xir^lzCMSCDB). W— HIalK38[zJ;yjSfE^^(m8^")c, 

[0067]7>Rf— Hs]g&39l±. Z*Lt>(D{g#0)!ftS8l*^LT/<;UXfi#^filtL(M8<DH). 

mm n]^3oo «kt;ii4ii32 0 S&40 \zm. & -r & „ 

[0068]$lJ^J][H]S&300li, T>KV— hlH]|^39^?>/'v;UXjt^A7:^-S)<i:. SK»lHlK2lC^fl| 
#Soff^iiiai-r'5(M8(D«)„||4il®lH]S&40[i,7'>h*'7 i — HlHlS&39^t)A^J$^/^l/X(i# 
^RffSB#rslT14y-£ltSELrX-f^32[cai7DL(M8(7)«). Z(7)/^UX«-^[C c J:orX-<^5 1 32 
^>l^*LTlt«lHl»35fZ«^*LrL^a(i6l2^'J-tr^h**L*o 

[0069]fi£oT. M8lC^-r«i:^|C. ^-ym-^Sofflt. U<DiL-tbTmm&lzmMLXtiit}£tlZ>AK 
CI(DB#£l£. ■(Djt*,T^yB#^^^m^B#F^T1 2gL i^I2^j:ofcB#^^t)Rff^B#F H lT1 2&IC& 
£ Q TI 2l£, TI 2>T1 1 TffcoT. /J^f! •§-Soff?!)<i<0(DF B ^zai7D^^J:a'iffifilZiS^^H 

[0070]£fc, *S*3SEiO>1 J^C^Iz. tb^lH]^35l^}#$Hri^^llfltI27b<y-tZ^h$^o «e 

{*, X^vT3l2b^l^Hf-B#^<D^ffi«ij1ti(D#PB#ilI21. I22[£I21 <I22£#y ,.£{|IJ<D& 

ffia3SEi«fcyafi!(D*S*SSEi(cfcrt*BHfiSi2(Olx/<^^ii^-r«>^ii:<i:So 

[0071 ]CZT% aEffl9a>*S«3KiO>aa:fl^Jcfct^T, h7>vX^Q1 <7)*>B#,«5fr£>8gB#ftI21 

^-ecDBfF^ BSB#fitl2l fr£i = 0lz£:6£-etf)fl#Fpl]<!:li, ISlSlsl— 0>fifilc£:&„ *=MMa>#fi 

«3fEi<&Sft»l=fcl*"C* H?>vX£Q1 a)^->B#^^e>l»B#fllI22(C^*-^a)B#rai:, BSB#fitI22fr 

ib\=Oiztj:&-£V<Dtifffl tit, -^liy, <Dfifil=fc£„ 

[0072]fc>T, h7>vX^Q1(D^->B#^^e>mS^T1 1 A<ISifiLfcB#^-e<Z)*S*35ia>IS^ 
{t^fltir-r^diiT?. HfltODU^H^Mflk^. **I®3|Ei^fiSmTl^ofcB#^^e,m^^T 
1 1 ^^L7tB#^T% ^I®;jSti = Olc&£<!:l^Z£^s x.£ 0 

[0073]Z(D«fe5l3. £3M5fl2«g(Cj::tll*, h^>vX*Q1 CD* >0#^£>m^B#F H Tn 1 #$£jSL 
1 1)<D^jl^(CH^>vX^Q1^>^^^(Ct^y^^-g>^aizLrLN^(7)T:\ JtHlC-tf P©^X-r 



file://C:\Documents and Settings\CousinsM\My Documents\JPO\JP-A-2002-58240.html 05/12/2006 



JP-A-2002-58240 Page 1 0 of 29 



[oo74]^iz. &mm%i\<D*££ j &m$tfmtTfz>t. mmftmri 1 ii<umLtzmM<Dm^mi3< 

ffi.i=oizu&$^>7tfmtLtzmi!;x*&.mmiz^nmffi*^^ 
[oo75](H4n»s)M9ii^0^i^^>Dc-Dc=i>/<— $m&(r>%4mmm&7K?^&-J 

3SEi(0e-^ffi$«l#-r*t<D-C #IE|5]B&43li. ^S^$IH11^42■T:^^#^Tt^^t 0 -'7{il^DRfrSlt 

( < 1 ) £ mm.tLxitwtm&4r4\z : gi# l -fz> : t>v>xfoz>o 

[0077]tk$£@&44li.m;j5&ai@!&10fc c ^ 

[0078]g®[HlSS41 li, $fJ^I5ll^30^b^t>tir<€.^P^I^l^fi-^lcS^hb^lE]£&44IC«i; 
COO79]Z0)fltfiElc«fey.MlQfc*-r«fc5fc.^fi«3SEi(E|tti % *ffiip(EI*. ffflSS 

c^t o -<7{iiipcom^tb(<i)^BafiSith(ig]*, *ig«3Si*<«TL 

Xi^mzte^tzm&frZffifctiffflTZl tf&&T&t* h^>vX^Q1 7b<^-7JC*tl*o 

lt^^(d-c\ ^[UK42^^-r^t o -<7ffi$i mutoztizij-bynrz&mtis^o 

(D&U* ~ m<Dm^^^^.><f^— h"e&*o JIlllT?f*:3>/<— *|s]g&«Bi a>EI^£ 
£BSU JS9R>9£P-&lzl±H-##£ttLTlv& 0 

[0082]«l±^»^(V/F)[H]S§51(i, tjtJ7DmEVo<!:iS^i&<!:<DmJ±MV1lC»0*i-X-r^ 

^Son£iE®)0S§2(::&ai«t<7)T?fc3 ( H12 (D ■ ) „ 
[0083]^-Mf -^-SonlCcfcy h^>i>X^Q1 ^t>l:*§t, *ffi«SKiA<. hb«iaK52icffiya* 
tL-g>«t<!:*lC(Ml2<7)H). gfctR41, R42(DE?lJ0l^l^=l>7 i >-y-C41^afe?IJ(cm^^r^^ 
mWzXtl^^o jg*aR41 . R42a>miS^I41±ISIalK52lcSI«t$*Lrfcy . *M3!EiJC«ky=i> 
T J >^C41^m$tL^)<t<tt,l3 % -t(D^mSm<Z)gtn:R41, R42rz«feS^JEflS3&<BI(SiLrJt« 
HI S§5 2 IZ A 7D £*l<i> (MI2 <T> ■ ) o 

r0084]ZZ-C. H112 (7)B. ■ ClTjrfip, ithCDMli. t£tfiR41 , R420>l£tn;{i6£R 41 , R 42 £-f& 
ts ith = ip-R 42 /(R 41 +R 42 )irI^$*ll)o =1>t j >^C41 li«ftl!g&42£fl|fifcU *£fctR41 , R4 
2fi#IEII]E&43£*ij£L-Cl^o 

tii 7D f 3 (M12 CD ■ ) o 

[0086]»5ii®(I]g&53l** ikK@K52^?>a)ai73«^HfSB*raT21 filfilMLTfcH 73"t& 
(Ml2R>2(7)B) o CCDm5ilMI111^53^^CDai73«^l±.m6ilM0K54|C < fcym^B#P B lT22/-£ 

*^i:<i:^[c ( IH12 (P ■ ) „ <— ^>tr-h[Hl£S55 y je|£3f*lS (M12<d ■ ) . 

■ K »lHl^300|Ctb7D-r^o 

[0088]»[Ell^300li. T>£f—b\Bl&56frt>/$)lXm^tfAtl£tl&t, gE»|sIK2IC^<i 
#Soff£tfJ2lU -Hl3cfcoTh^>vX^Q1 li^-37|c^-5(Ml2(DB)o 

fr\ C<0B#/5li, B(7)3:*,T7b u JBt^/)^RfT^B#F B lT21^. f Jte^i^ithlzfeofc^^^^RlfS ^ 
RflT21&|zfc& 0 CCT% T21 [i^^fi#Soff^i<0(Dr^lCtti7]$^J: ; 5IClS^$tlTL^^)<7)-^:^ 
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&<i:?lzLXl^(DX\ 5i3llc-tf uW^4v^V*'<n=>z\£tf-Q%. ^v^><f1m£:<Dm*ittf£ 

[0091 ]£fr. mi^miM^it^m^itutiz^)^ ^mmykmx^^wmt-t^t. t 

tf&itLtzmtsvtj. m^z^nnfaX'fv^isV&'iT^zttfx'ZZo 

[0092] (m5mMMm)mT3it*mwizmz>Dc-Dcz\>/t— $\E\ma) msmMmmzm-? ess 

fc&o Ml. Ml^lHl-^lcfi P-^^-To 

[0093]Ml3lcfciNT. iftM^T^+J-d I^E5iJl^m^nfcffi3S£^aile]l^60l±. 

[oo94]tt$£[5]s§6i it. m^^^oiz^imih^ti^mm^otm^i^m^9iz^)mih 
zti&taxnffiiot&itmLx. &mn>ft\tfMJ:Lx\^io\ztj:Z)t. tcomo^ihm^mmw 

13lZ&lhTrZ>i J (DX&&o 

[0095]»PIe]S&30[£. aj^ffiJ±Vo<tIS^fI^Jdc[H]iESl4^fiJt^^>iSSffi<i:^J:b$^Lr. tiitl 

<dv&z 0 -£tz. %\w\Ei&3oit. <puvommm^tmw6ziz^ihr^>o 

[0096]ltB#[H]S§62[±. fflm\3&30fr^m*HX<Z><7ny?f5\miW-%lZ&'D$, l^7>vX^Q1 

<D*>m&frt>. i±$5[Hii^6i \z&&&ftm^<Dttitim&&x<DmmB%fflT3'\&j]'?>hL. *<Dm 

[oo97]£b$^m!^64[i. nffi&ftW6oiz&v&&£ft&wAn)fc\c£mm±m®n65X£m2 
n&mm*mmmmx\zvn^tj:ttT-*u*ji)ii%kt$zLx. -BmxLtz^mn^o^ 
i&TLxmimz-&?&t.*(DWcD&ftm^&mm\E\m63izm&T&&<Dxfoz> 0 
[oo98]ii5iis]ss63[i. tt$x®m64iz&&fcihm^<Dihtim&fr^(Dm&m$&±o>hu i+ 
&f®&62frz>7£tii£frx^z>tffmT3i iz-&-f&t. mw}®&2izj-z>m^soff£thtr?& 0 

[0099]Iglt)[H]SS2li. fflm^&30frtt>m^SontfAfi£fo&tt- : ?>is7.$Q-\ tt^lzL. M 
m^e3f3^^ym^Som<Xtl^H^tb^>i>7.^Q^^>^ih^y^ztJ}lmz^o 

3£-T?(7mF B Tr31 ^am^Lic^ai^H^>o ^Lr. #Myfticrf)H?n|Z 

^ofcB#^^«=>B#^T31 Tb^ii-r^*!:. H^>ixX£Q1 ^>^^7[ctj]]Lj^^^^ o 
[0101 ]ZCDcfcai^, m5H»SJ^cfcH[i\ K^>vX^Q1 (D^->B^j^^t)^Ji«;^i^tB^ffiyftIo 
lC-St-r^B#^^T?0)B#F^T31 £2i^>hU ^mffl^V^-b-CI lC;7frh,3#M3SEic£1£mu # 

?izlx^z>(dx\ mmmmcomt^^itiz^ij^mm'jT^j^ ^mm^^vci 
[o°io2]!f#iz, tatim^iotm'mizm^Ltzm^xt. &mm^>T>v-ci izzati&^mmzrocit 

[01 03] (||6||»S)M15I*^^B^|C^-§)DC-DC=I>/^— ^|E]j^CDm6||j5Sff^^-riE]i^ 

[oio4]«i±jii^^^(v/F)iH]i^7i(± s mttmE.votiSL^mt<Dms.mvMz^^7.^^ 
xfmm^m^r^tox^o um^mooit. ^<D^^>^m : ^x^^^^x\ 

l->m^Son&mW\®&2lZ&lhTr& : t><r>X\ ^<D* Mt^SonlCj;oTH7>vX$Q1 rfl->lz£*l 
3(Ml6<DB)o 

[0105]*>lf#Son(::J;yh^>vX$Q1;!>^^ 
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S&72|CA^^tl-g>(Ml60)H, ■)„ 
tb*-r-5(Ml6(DH)c 

[0107]||7Jl3£lH]|^73li, jt^@s&72^t><7>ai^{i^m^^T4iy-£itiiaLTab*-r^ 

(M16R>6CDB) 0 Z(X>l|7ilSlH]^73^^(7)ai^iI-^li. i&8g3£0!&74I^J;y pJT^B#PpTr42f£ 
ltSS$tL*.!:ttlc(m6<DB), hlsJ»75lc«i:yj5|g$tL*(Ml6<Z)H). 
[0108]r>Rf— h@S§76li. ztLf>(Dm^-<DliSH^^iSLT/<;ux<f-§-^j^L(Ml6a) 

■),$ij^j(eii^3oo[caj7j-r-So 

[0109]$lJ^][Hl£&300l±.T>Ky— h(HS&76^t>/^UXfg^A7J^^>i:.igi!]lH]8&2lz^{i 
•^■Soff^ajau ctil:J:oth7>yX^Q1 l£^c&&(l!l6<7)B) 0 

[01 1 Oltot, Ml6lC^cfcaiC. ^-7fI#Soff(*. ■(D^T*<yB#^lcP«8Lrtb*^*L-g, 
IHIT4 1^lC^o 

[oi i i]zz-C5\T41 (i^te•§■Soff7^)<i<o^DrH1l^ttS7:^H'S)cfc : 5l^iS^^Hrc^^o -Tto*>,Ml 

61 6IC^-T^I^. i^Io|Z^ofcB#,"S^^i = 0lC^^B#^^T^igB#rB^T43<t-r^)<t. T41 >T 
43(*H«5^fi|-ei4sffil7LliT41 =Tn/4.Tn(**S«3lEia)ffl»S){Z|S[3t$tLTl^o^4x»-«fco 

[01 15]-?-z-C\ JiLTlc. ±mztfnm$ri*'(vT>'?J3 3&<Dmi±M^>'<— ^OlftM^^Ji: 

[01 1 6] (|g7||ffi^lSI)Ml7l±*»MIZ«*DC-DC3>/<— ^|HlK<Dffi7^!fi^©^-riHlK 

^□^ST-fe-So zcoislSSli, $Hlg§«iioii:, Kg»lHl8&i02^, frj^[e]{&l 03<t£{f *_T 

[01 17]=]>A— ^@S&asi01(i. A7DiffiTl04, l05P^{zEp*p^ti^ffl:>7itA7D«J±Vi«i:ys^iI 
SStaaaEEVo^fifcLTtH^aS^loe. 107F B 1[Cfg^H^m^108lcEn^-r<5) : fc<DT:\^*PCD 

[01 i8]"Tfc;b*K Z(D3>/\- ^|5iK«pioif*» A^mJEVi^aye^^h^^x^Cx-fy 
^>^lft)Q1 1 Z(7)h7>^X^Q1 1 £i£M$IJI::i£«E£*U m%t&&J5falZ%fttztb<D?'(* 
— KDi 1 h7>vX^Qi i lciE?iJlcfg^$*i^«ifflU7^h;ULl i ^SE^-r^-frd 1 
h^>vX^Ql l7b^>(D«h#[zx^;u^-$Bm^fc^(D'JT^h;ULl2<!:. tfc7JttJ±Vo£¥ 

2tfr*mm£*ixi^& 0 

[01 1 9] A;M^1 04<tU7 7 '7h;H-1 2t<DmiZftWL£*ltzm%itiilh\B\$&1 09l±, 01J I***— ;Ufft 

i03lziHt±J-r-So 

[01 20]iEK[5]£&1 02li % fijmilHlSSl 03fr£(7)ftlWt^l::ftoTh^>vX£Q1 1 £*>*7£-fei- 
[0121 1MHJE&1 03(*. CPU, ^'J^A/D*«l»&^A^^y . 02\Z/<i)i,Xim^fr 

^t^pmm^^ihLxb^>^^Q^^<D^^y^um-r^ : b<ox\ MkToffl&m-mtt-f 

[0°1 22] BATDSJiVi. A73 «3(EIin, di**JEVo$«ai-r**ltllo 
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[0123]Bh^>vX£Q1 1 ^Tf-XcUcSL i<0. ?-fc*^*M3IEij&<£fELT*y;i-— KD1 1 \Z 
>ixX£Q1 1 tt^fr**Z?\ZtJ)imtt^^7\Z^X\Z'&&tZ> 0 

[01 25]#|C > MIZ. Ml8^fflt>r. f&WSiE&l 03lCcfc-Sh^>vX^Q1 1 (D*>frttZ?^(DtJ) 
W^ZXflZl^xmWT&o Ml8(a)(bXc)(i«fflUT^h;UL1 1 lC;»&«mjfci(Dm;« 

[01 26]^^ffl';T^HULi 1 \z%ithZ>&mn%i\tLx . miMa)i^?&?um$(Dmffi.irf%L*i 

CKDH^il*. i = Iin + Iq-sinoot —(11) 

tm.fr>£*i&° coiiftiiffl'jT^h;uLi 1 *s«fcz>*^Jiffl=i>f r >-y-ci 1 fr£>&3^$g[His&<Dift 

[0127]C<D^ii£)J!;j£2&CD(i. 1/co = V~(Lr-Cr) ...(12) 

£m?£*L&o {&U ^SfflUT^HH-l 1 <D-f>-$f*^>x£l_r. itJiffl^^^-^C1 1 (D^/^v 

[01 28]Ml8(a)|ZfcLNr. Tol±i^0(7)B#Pp!K T51 (±i = Ofr£i = Iin|Z&££T:*<7)B#F0 E K Tnlt&MW 
%L\<DfflMV&&o Z\Z\T*. iHlUcfcU . Iqsin(coT5 1 )=Iin . . . (1 3) 
T?fe&<7) t:\T51 = sin _1 (Iin/Iq)/co ...(14) 
jW=>*l&o£fCs Iq = Vo/Zn ••■(15) 

-efc^o 2-T\ Znli^tt-Oe— Zn = V~(Lr/Cr) ...(16) 
tmfr>£*l&o fc>T. ±fEiC(14)[i.T51 =sin H (Iin-Zn/'Vo)/o)...(17) 

[01 29]£fc. Ml8(a)7b^^^^J:7l^. To=Tn/2 + 2T51 •••(18) 

-So 

[01 30]CCT?\ Ym = 0C0t^lt. H1 1 8 (b)(C^f T51 =0T\ To=Tn/'2«i:^^o Iin = I 

qCO^fi, Hl18 (c)|Z^f To=Tn|C^-S 0 

[01 31 ]fct, ±ISiC(18)<J;y. Iin = 0(D<i:^liT51 = 0X\ Iin = Iq0)<>:#l£T51 =Tn/4[Z^ 0 
^-&;b*>. IinA<0fr£>Iq|Z^ ift^>t. T51 li07!)N£>Tn/4fZ^b-r<g>o C<DT51 (D^it^UU^. 
<b.^&*^lin(fl1#|ll]ifcrj&i^ 

A^#C)H^o-^>5e(19)^_blSie(18)|Z'(tA^«i:sTo=Tn-(1 + IinZn/Vo)/2- (20) 

[01 32]zj>/\*— £[s]S&Sfl1 01 Icfcl^T. ^HfflU7^h;UL1 1 <7)>T>^<7'5'>XLr*5 J:t>*^Jiffl=] 

y>XZn^;*££ 0 *ZX\ frJMSSl 03<D*=E*)\Z^ M^nfc£m#14^>t:-^>XZn<D&{ii 

[01331^1/C. frJMi&IOSUfc. ^Ulcte^ftTl^^fi&Tn, Zn<!:, ^tHL/rtibi ti ni±VotS<£ 
XSAttm^tlint^m^X. ±f55$(20)|zftoT, B#r B lTo^aiL. K?>vX£Q1 1<D^->B#*^ib 

[0134]&fc\±IEB#P B TTo<D$i:ail£, Rff^B#^(^J^1i*iJmsec)c:<!:I^T5J:aiZ-rtl[**J:t^o 
[OlSSjZOJcfcaiZ.mTll^SlC^tLl*. tli^mJiVofc^A^I^Iin^tliL, ±fE5£(20) 

1 ltt>frtt7lzW)W?LZ>&olz\^x^Z>(DX\=i>/<— £E&^1 01 <D0i&*iJ&A<;;fc££££; 
(CcfcU, aj^SJEVofccfctfA^mtiinrt^b^ 

■cti. mmiz-ifom^^^f^n^t^x^o 

[Ql37] Hl9 [cfe^T. &MUT<7h;uLl i [^H^Jlcm^^m;7St^ai[l]£&i 1 0(±, m*.l£ti 
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[01 38]Jt«IaJ»l 1 1 f** SSS&HilHlS&l 1 0fzJ=y«di$4i4*fia3SEii:, ®3£Hgte£j$H]E&l 1 
2T?^rt*tl-5Bfltl31 (131 >0)<h£i±$£LT. #Sg«3iEiJ&<iSTLTi^I31 |Cfc££, ^CD^CD^ 

aj«**affiigKn 1 3icitai-r^tcD-efc^ 0 

[01 39]MIh]S&1 30I4. tii2)»±Vo<!:|£:£fi£3Efijcle]S&1 1 4T*^J«**LStS:3£fiS<!:$JiKLT. 

[oi 4o]iisiHiKi 1 3it. wwm&i 3ot^^^ix<^nv^mm^K&^. mm&i 1 

02|C^jf-§-Soff^iMl±i-r^t<D-efc^o 

[0141 ]^0m^B#^T6i it. xmrnftLirfffiMmsi niTizt^tzmM^mmizKoiztji^v 

[O142]|glb0!^1O2[i > $IJ^[H]^13O^b^>m^Son^A^$^«!:h^>vX^Q1 1^>|Z 

Ls ilSlslSSi 1 sfrttym^SofftfAtiZti&t^isVxZQi i ^/t->^t.^-3'ict^y^^^ 0 

[0143]CCD<fc?&tfj£lc£y s M2^f:::^£^ 

[01441M2K*. msmmmmo). Mmw^^mnf&m^mrm^o^m.mzzitmzx 

<D&U*~*<Dm^&tt^Z><f^—hV&& 0 %:&.m21Vltzi^/<— SSiMlOl <D IHtf 
£*BSU Ml9tH-!|*jrzl±|^-^#$MLrt^o 

[0145]M2AKfc^T.®M;j££«&(V/F)@S&131l£ N ai*«JEVo<!:KStti<D*EMV2 

fig[E]^132lC^ttS-r^(M22CDH)o-a-i?)cll]l^132li % Z(D*-f 5>^fB#K£-32N -§"Son 
$iEill[H]"^102l^tti-r^<7)-efc'5(M22<DH)o 

[oi46]*Mi^Sonic£yh5>vx£Qi 1 rf^xzfca^ #M3£ij&<j£«lslB&i 1 iciflsya* 
n-5(M22(7)B)o -^s m;7S£Mfii^ii!c[H]j^1 1 2T*£j«£;h5Mtel31 *<JtSSUs]S&1 1 1 izflXy&f: 
^(M22(7)B)o 

[0147]-^LT. J±$£[HS&1 1 1 1*. ^<b-r«*S'«3fEitHlflSl31 k&it&U i^I31 (D^s W 

u^;u)fi^ai*^(M2^<DB)oSsiH]i^i33(±.j±^@i^iii^^(Dai*m^m^B#^ 

T61f£(tii@Lrth*-r-5(M220>")o^<Z>ii®lHl»133^P>(Dai*ffi#f4. ilS[HS&1 34lz«fc 
y^blcp/f^B#F B lT62f£lfil^^«t<t ; t,lC(^22<DB) $<f— hlUI^I 35|CcfcyJS^ 

tL^(M22(0B) o 

[01 48]7>kv— hiHig&i 36ii, z.tih><om^(Dmmm^j$.Lx/<ju7.m^^.j&umzz.<o 

■ ) % ^fiJclHlS&l 32[Z^£iJ-f 

[01 49]£l£[I]S§1 32(4, 7 r >K'tr — hPUESl 36 fr£>/A)l,7.m^tf A t>£tt&k. I2Wj[e]S&1 02IZ 
^ft-§-Soff^^aj-r^(M22<DB)„ 

[oi50]*n»H-e(i, BafiSi3i I*. ^j^.tf^i08(M19)i=3SEJh--5ft^«3SE^Lri^o 

[OlSH^fc.S^IC^-r^lC. ^Sm;^i^t 0 -^fI^b^TLTi^I31[c/j:ofcB#^7()^i = 0 
(C^g>£^(7)B#F B E 1£T60<!:-r&<h. T61 >T60|ZiS^$tLrfcy , ^Ulite^S-ei*. 0I]*.(*T61 =Tn 

[01 52]Z(7)J:5IC, m&ntfoMM\Z&tU^ &«ffl'JT*h;i/L1 lz3(E*L**SI«3!Ei^i^I31 Icfco 

U #ffi*3fci#i^I31 lC^feB#^^^R)TSB#F H ^T61(D^ii^|Zh^>vX^Q1 1^>^t»^ 
lct^tj^^^|cLTL^(7)T\ »fta*a>^b^»«^*ftlCJ:y, &Sffl'J7?MH-1 ^#jgffl 
z»^f>-9-C10#fltLr, Cr^^b-r^-<!:l3«fcoT. *fitai=Olcfi:^'f W^flsLfc*^ 

x**,. mniziznntitx^Tistr&rtozktfvzZo utot, **rs/5 t >^«&<D«»*£*«u::i» 

C0153](|g9|lt6^ffi)M2^J±**^lC«*DC-DCa>/<— ^(Hl»<DlS9SI«g^fil^-riHlS5 
:?Py*l2k M24li^Jim^i<D^ff^lE]fcJ:i;h7>^X^Q1 1 <D*^l-?&7H-?$<< 5>^-V— h 

[Q154] H23 [CfelNr. $fj^l°]j^1 4014. h^>S/**Q1 1 (D^>8f j£fr£ftB$(D7-;:#>(7)<i7P<;/^|H] 
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mm^zmuw\ 41,1 ^zmih^^tov^o smhs&i 41 it. m^tuisis&i 1 oicty & 

m£*i£#&W3Si£3Sy flKMS&l 40^b^t>tlT<^><7P^I^^«-^|ca^h7 
£&f#@S&l43lciHtfc-t<&fc<DTffc£„ 

[01 55]«}#Ih1K1 43li. ilMIUSSl 41 ^t>iH&nT<S*M3SEi* BBfi£i32tLT«}#Lr J±» 

0SS1 44ic^air^<D-e^ 0 tb^ius&i 44i*. m^mmsfti 1 oi=«fcytta**i**M3ti 

£fl&y&*K #fi*3iEi£«i#lHlg&1 43jb^&&;Kai»fitI32i:£ifc&LT , &g*3&ijb<ffiTLTi£l 
32|Z^,h > ^-<©l'(D^ai(i^®SIl]Kl42IC3liai-r^<7)r'fc€>o 

[01 56]ilSIHS&1 42I*. ffljffll[s]&1 40^f>iMt>tlT<>5^P^^I^^{i-§-[C«O*#Jt^[p]SSl 44 

^{g#soff*ffi»iaKio2icMairs*<or&So*f=.iisisiKi42(i.^«#soff<Dai* 

&lc. ^I1S&1 43T?«i#$HTL^BB<iti32$'J-tr^h-r-5o 

[0157]C(D*g/5JclC £ i;y % M24l=^"rJ:3l3. K5>vX$Q1 1 (7)^->^^t.^B#FslT71 jW&iB 

Ltzm&x*<D&mm%i\tfmm32tt!*i. &mnffi\m&TLx\^i32iztj:^tz&f&fr*mm&fr£iT 

[Q159] H25 lZfelNT. X-f ^1 51,1 52lt. #J*l£>7>vX£A^£:£*,<DT% X-fy^1 51 It 

m^^mv. x-r-^i 52i±ii^^5Ksi^orLN-i> 0 

[01 60] mi±Jl V/F) @S&153(* % ai7]«l±Voi:iS^fit<t(DmJ±^V2|za^X-r^ 

^>^«att*»^-6*a>-e, ctox^^^JiiftaT?^*^^ 5>y<g#*^fi6i5iKi 54ic 
Mtu-r&(M26(DB)o 

[01 61 I^figlUSSl 541*, dCD^-fSV^if-^IZgO*^ ;*->fg-S§-Son£ffi»|Hl8&1 02|C^ai-r€.t 
(DT?fc5(l26fl)i')o*fc, ^^Ill^154li^>m^Son^tbL/ca#^^f>ttB#(7)yctf)a)'7P 

y^jtmi-^iisiHis&i 55ic^ai-r^o 

[0162]^>(i#SonlC«kyh^>^X^Q1 l36<^>fCft^t,*S*3(Ei3b<tk«|g»144l=ISya* 
tL€>(M26<DH)oSSlHl»155l*. h^>vX^Q1 KD^Bf^^'i^iiiBtrBl^^^hL, Rff^B# 
IWT71 Wm&t>&t+ X-f'^l 51 tt?lzU tt$£[Hl£&1 44li. Xl^l 51 A^|C^ttfcB#^ 
<D#i«3Si<DI8l$fiS£KMai41 £LT{£J#^&(M26<7)H) 0 -f-LT. tfcgUslS&l 441*. ^^-5* 
fiS3SEitBBfilI41 ££ttl$U i ^141 (DPslfcIt, (/x^U^U) (I^tfi 73 "f 6 ( H26 (P ■ ) . 
[0l63]iIMS&l 561*. tb«H»l 44^&(Dm*(i^Rlf3£B#|H]T72f£(tilMLrai*« 
(M26R>6(DB) o &£>\ T72>T7 1 iZ&S&h/Cl^o 

[01 64]Z<DS55|5]K1 56fr£>CDtii7]ft-5§-|±s SSlHlS&l 57J=«fcy$P>l=Rlf^«FMT73/£ltiiffi* 
^^xt<h4,lC(M26<DB).-r>/<— h@i£&158|::<i;yj£$£$;h,<S> (12601). 
[01 65]7i/Rr— h@8&1 59l±. Z*l£(ZMf #<Dfft3aW£^j£LT/^UXfi#££ji£L(]Il2£a> 
■ ) % ^J&H]S§1 54fc\J:t>*i!M[H]S&1 60IZ^t±J-r<§)o 

[01 66]^fiJtlBlS&1 54li. MS1S&1 59fr£/^;Mt^A7j£;ft,&«J:. SEi&lslKl 02IZ 

^*"7^g-^-Soff$-i^t±i"^"'S(M26.<DB' )„ 3I5HI1S&1 60I± n T>K^f — hle]£&1 59frioA;frcF;ft'S>/^ 
;UXm^FJT^B*r B lT74/-£ltjlMLTX'r^1 52|cai73L(M26(DB), Za)/^;UX{I#(Z«fcyx 
<<^1 52t)<j->lZ$*lX. Jt^IUi^144|C^|#^TL^giMl41 3&<y-feyh**l5. 
[01 67]fcT, MZQl^T^lZ. ^f-^-Soffli. ■<7)35l*.T*<yB#^|Z|5]^Lrai73^tL^ 

Z(DB#£li, ■(D3t^T3b<yB#jS (1^141 (=Jfcof=^)^6m3tB*MT72^3S:*oCZ-e % T7 
2I£,T72>T71 XfoiX. ^^S^Soff^i<OCD^lcai73$tl^ < fe7^^fiSl^iS^$tLTL^^(7)T:^ 

[01 68]£fc. *fiS3SEio>i fflitt^i^ tbisiussi 44lc^^#$ttTl^-sBgfi^7^)< | J^2^h$^o & 

or, 126(7)1, ■ (cfcivc, fiUx.(*£fiija>*»«3!EiJ:y^(il<D*ffi*3SEi3b<«9*L-Cl^l»^lz 
X-lWl 51 A<^-7lZ*tLfc^iSG)*.jim3JEi<Z)#IS^flSl41 . 1421*141 <I42£fcy . ^ffljO) 
*S«35i«fcy^ffl!l(D*S«ai(cfcM+'&BBflft(D^'<^A<itt*-r*Ct^«i:^o 

[0169]CZT% ^fiWCD^MSfciCD^lzfclN'C. h^>vX^Q1 1 fl>/*">B#^^t>liiB#fi&I41 Icfc 
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63re<DB#H£, HB#fitI41 frt>\=0\Zt£&-£V<Dtifmt\*. \Z&m-<DmztiLZ> 0 &tz. &m<D# 

[01 70]&ot. h^>vx^Qi i a)^->B#^*M=)P/f^B#rpiT7i tf&&Ltz&f&v<D&i&mffi<Dm 
tifm&mmt-r&ztv. mm<Diy^Mzmm^<. ^mm^mmaiTizt^tzm^^m^m 

Tfcx^v^vzft^ttf-zz. ^v^7m&(omx£mmz\fi±Tz>^trf-Q£z> 0 

$ntTz>tztb. mmt&MmffunmtizfcCTmtrzztiztji&j)^ t(omtLtzmm.^\=o 
izte&m*&vizm?&mm*ftt°mtLtj:^<D-z\ mwmmomt^^itt^zM^m.w 
^=oi::£:£^5>w^bUci#^T^^^ 

[oi73](mioii]!iSJf^ai)M27(i*i§Bji-^-sDc-Dc=i>/'v— zw&miommmm&TjkTtisi 

[01 74] H27 [CfetN-C. $IJ^lHlS&1 70li v h^vX^QI 1 (A* >B#/£7^£ltB#<Dfcto(D<7Q^|5] 

$m^£iiM0&i7iiciMmt-£*<7)^fc&o&^ 

fit(Dfifr3ttb(< 1 )£raM<!:LTJ:b$£[H]S§1 14r\zm L \&-fZ>*>(T>T°foZ>o 

[01 75]tb$£lHS§1 74li, m^tiiHl^l 1 0|Zj;LJ^ffi^^)^«;jfLi^l±lH]S&1 73fr£>i£»b 
*i<§>IHfil2:£J£$£LT, ^Jim^iAMgTLTBBfSJaTlc^^t, ^(Dgtf^tiMf -J§-£iIM[IlS&171 

[01 76]®MH]S§1 71 [£. *J^|l[Hll^1 70^^itbttT<^)^P^^|Hl^{S^-|ca^#J;b$^[E]|£&1 74 

iz&&feftm^<Dmm&&fr*(Dit&i&ftm&j]Oi'bu Rif^B#^T8i t><m&Ltzm&v7i-z>m^ 

soff^igiiiiij^i oziz&thTfz&ovfo&o 

^77^z<Dm^z^i).m^iz^r<k5iz^mm^\m^.xm^)(D\z-^{mpm^.mm 
») rfmszti. c(Dt°->7MipcDFif^jt(<i )A<BaMith(m*, mmmtztis ^mm^.ms.TL 
xi^mztji^tzm&fr^ffimmfflTaitfmm-t&t. k^>vxsqi i^^ic^ti&o 
[01 78]^fc\ f$*#[5]s§i 72i*. m^it^^v-xm^ti. m2m^tt&o\z)d-vmp\zMm 

[01 79] H]29 (*. Hi oH^alfD, cfcym^6<J^[HimiJ*0ii^^-r[H]^p^<7lil. M30(iM29 

[0180]ffiJ±J^]«I^&(V/F)[E]S§181li, ai7DmJEVo<tlS^f6<i:(DffiJEMV2|C*^X^^ 
^>^Jl^^iS^^^)t,CD-es d(7)X^^>^^^-e^^^-<5>^f ^^^01^1 82IC 
iHm-r^(H30^")o^Ji)c[H]I^182li, Z0)^-r5>yf^l:»O*#, 7)->if -^-Son^IE»)[a]g§1 0 
2lCjHai-r ZtOVfoZ (M30(D ■ ) o 

[0181 ]*><t-§-Son(C£yK^>vX$Q1 1 ^*>lz&£<i: s &ig®;fti7b^ £b$£[Ui&1 74|ZlxyjA 
*tt^><!:<i:4 J [c(M30CDB)^aj/LR51. R52fr££:&#I±[3]E&1 73i:a>f J >-9-C51 frb&<5><£f# 
HJS&1 72<h^jte?iJlcm^tir^^[5]i^lcA*^tL'5) 0 *£tflR51 . R52<Df£^l±tb$£[H]i&1 74 

icfg^tLTfcu . ft^w^iic^yp^^+j-csi tfjzmztv&tt&iz^ *o)H < m i mE.<Dt&ViR5 

1, R52|z^^^J±fjt^SIM<!:Lrhb$^lE]^174[zA71^<5(m0(7)H)o 

[Q1821Z^T\ H130 (Pa, BICTF-Tip, ith<D(H£(i. f£tfiR51 , R52CD&tfi{It£R 51 , R 52 i:-r<5> 

t. ith = i P R 52 /(R 51 +R 52 )<b^^H^o 

[oi 83]it$jiiE]Ki 74ii. mtTz&MmTft'itmmtht&mzL j^ith^.^c/wu^uMt 

«IU 7lf & (M30tf> ■ ) 0 

[01 84]i!S0S&1 83f*. J±«H1»1 74^«i(7)ai7lffi^fiff^BtF B lT81 fflfilSLTtti 
(M^^O(DH) o -0)Si£ia8&183^&<Dai*{S#l±*>i®lHlKl84f^y^^raT82f£(tS 
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MZtlZt tt \Z (M30^> ■ ) . -<>/ <— W— V @S§ 1 8 5 IZ& y J5$e£*L& (M30 0) ■ ) o 

[01 85]7>Rf— hlH]S&1 86li % Ctlt><Dif-^-CDtiS«^^fiJtLr/^UX{l^-$^Ji!6L(M30^ 

■ h ^i$[s]!^182ICt±i^|-r^o 

[01 86]£j£H]S&l 82(i, 7>Rr— K0S&1 86frb/^x<t-§-A<A*)£;tx&<t. igffillE]S&1 02IC 
^-^I-^-Soff^tb^lLs CtLl^o-Ch7>v?X^Q1 1 li^3MC&&(]I]30(DB) o 
[0187]^oT>M30[C^-TJ:^lC s ^{l-^-Soffii N ■<7)3:*,T7!)<yB#^|C(5]^LTttS^^^ 

F B lT81&lC&6 0 C::T\T81[£*?if^Soffj^ 

[oi88]c(Dcfc9ic. niommfimiz&tut, &mn%i\<Dt?-5m\p<D¥jTj£tk\th&mmtL. &m. 
[oi89]^c. mmw^mt^m^ittdiiiiz^)^ &mn%t\<DX$tt$im<mtTz>t. t 

[0190]&;fe\ ±Ham7~miOHJ(S^ST?li, P>/\*-$[US&gP101 £LT£a»t?P«3lEX'f^ 



[oi92]£/c. utJ±jf^p>/\*-^iH]s§-cfeor. A*«j±fccfcixaj^a;jfLi=so*^x-i'^5 i >y^is 

<bl::J:yx^^>^fSlc^m;;tt^^ 

[oi93]^fc. ±iBig»$ij^^isii. ±tz&mm , )75h)is<D'(^w$>*. ±t2&nm=iisTi/ 

To=Tn-(1 +ZnMo/Vi)/2Zn = V"(Lr/Cr)CZr%To:Mai^>SB#FBlTr.:^M l J7 7 ^h;UlC3fL 
[0l94]£f-. ±IB}£tiJ3M£(;J\ ±IBffimif-§-i:Lr±fe*MUT^h;Hz3St^L^^mm;iit^ 

[01 95]£*:. ±lBIE»]*J^l^lSli. ±IB^«/7S!^fiTLTfifT^fiiJaT[C^o7i:B#^/)Nt>m^B# 
F^^lBX^^^IS^*^^:?!-^ 

[0196]^(7)ii^[zfc^Ts ±fBRff^Elis £<Dfit^fo&<tt-&<!:. IMfcfltfift-e 

&icm&±iB&^m^<7)ra^{it^fc^^ 
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±IEi£II®;Tifr^tIBaj*re/M±lc#^ 

[0199]^c, »EJ&p>/<— *@&T?fcot\ ai*mJ±fc«fcl/A*S/7SEfc«^X'r^>^IS 

TiB5Cic*^±fBa#r B ^mtb-r-st.<Dr*fc^t-r^- < i:(c < i:y % 

To=Tn-(1 +Zn-Iin/'Vo)/2Zn = ^(Lr/Cr)ZC-C:\To:^:ai^'S)B#rBlTn:^liffl'JT^h;UfZ 
B!EJ|ia#ffi*3iE<Dffl#Zn:;fciRllK^ 



CM3]*f§^l^«^DC-DCa>/^— 5r|lKa)IB2||Jfi^fi8$*-riaIK^P^iarfei»o 
CM5]^B^I^^DC-DC=]>/<— ^0^(Dm3||]fiSff^^^^0^P^I2l'Cfe^o 
[MZ]*33l«gfl^«8a), «kym(*WS:lHlB&ffim^J*^-riHl»^P^H-Cfc€)o 

CMiil*4iiii6^ii(D.«fcyA#WftiiiK«fiii««i$*-riaK^p^Bi-eft*o 
nni2 ] in i (D&%bm~ m com ^TH-fZ^XfTv— h-efc&o 

[ H15 ]^^bJ[c^^dc-DC=i>/<— »EK<P%6H«5flgffi£^-j-EK3 r P'yfrB|-Cfc&. 

[Ml2]^f§BJI^-g)DC-DC=]>/<— ^|HlK(DaS7||«5^8l$*"^'lHlS&'^P*y^BI"efc*o 
[Ml8](a)(b)(c)l±^^ffl UT<7K;UlC^-S>^mm^<Dffi^;iSff^lll-efc^o 
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[M23]*^b^i^^>dc-dc=]>/<— $\M&<Dm9mmm&7jk- ! r®&-?nyvmvfoz> 0 

[ H26 ] IH25 (D#^ ■ ' , ■ ~ ■ (Dim^&Tfk-tZ'tS.^?^— h-efc^o 
[a2^]#3PJ3l::O&&DC-DCzi>/\*-*0^ 

[M3A]tfnm?LX^^>^;S5£<7>DC-DC=l^^ 

1, 101 =i>/<— ^HKfiB 

2, 102 IEfJ)[e]S§(iES!]3M8:) 

3, 30, 103. 130, 140, 1 70 »P[s]S& 08 |g»*«J fBli^fS) 
Q1.Q11 h^>vX^(X>T^>^¥-IS) 

L1, L1 1 ^gffl'JTWU 
C1, C1 1 ^^ffl^>T r >"9- 

121® , 



[Mil ' 




[ffl2] 
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